Introduction
Seasonality of influenza is influenced by several factors, ranging from virus subtype, demographics, climate, frequency of close contacts in the population, and vaccine effectiveness. In January 2015, the Centers for Disease Control and Prevention (CDC) estimated the effectiveness of the seasonal influenza vaccine in terms of the prevention of medical consultations due to acute respiratory illness associated with laboratory-confirmed influenza. 1 A predominance of subtype H3N2 was found in 916 investigated patients infected with influenza A. The adjusted vaccine effectiveness against medical consultations in terms of acute respiratory infections was found to be 22% (95% confidence interval 5e35%) over all age groups. Therefore, it was not surprising that the German national health service reported 88,000 cases of influenza for the 2014/2015 season, which was the highest number of cases since 2001 with the exception of the 2009 influenza pandemic. 2 Vaccine failure and low vaccine coverage could facilitate increased influenza seasonality, resulting in a higher healthcare and economic burden. 3e5 Although children below 5 years of age are at higher risk of influenza, 6, 7 elderly people are at risk of serious complications and hospitalization. 8 In a season with high influenza activity, the capacities of emergency departments and critical care units are rapidly exceeded due to increased hospitalization rates, particularly of patients aged >65 years, and the appearance of the majority of cases within a few days or weeks. 9 In addition, the hospital environment facilitates nosocomial infections. 10, 11 Optimal hygiene management is essential for the prevention of nosocomial infections and outbreaks, including rapid and precise identification of patients with influenza. Therefore, a clinical case definition is provided by national and international healthcare services. 8 In addition, rapid, highly sensitive molecular testing is now available.
This prospective, monocentric, observational study investigated the 2014/2015 season with high influenza activity and the management of infected patients at Hospital Barmherzige Brüder. Patient characteristics were evaluated in terms of their usefulness for case definition. Focusing on nosocomial infections, the effect of two-step strict hygiene management, including the continuous use of surgical masks for hospital staff, was evaluated.
Methods

Study characteristics
Data were obtained from a prospective observational study focusing on the hygiene management of hospitalized patients with confirmed influenza over a six-week period of high influenza activity. The study hospital is a 900-bed tertiary care teaching hospital in Regensburg, Germany.
Patients
All patients with a positive influenza A/B test at symptom onset were included in the study. The decision to perform influenza testing was made by the attending physician based on a working case definition given by the CDC, including fever !37. 8 C, cough and/or sore throat. 8 During the study period, patients with non-specific symptoms including fatigue, headache, enteritis or pneumonia were also tested, even in the absence of symptoms in the case definition. To validate the clinical symptoms of the influenza A group, polymerase chain reaction (PCR)-negative patients with similar clinical symptoms were recruited as comparators. PCR-negative patients were enrolled continuously for the first five days of the observation period.
First period of infection prevention management
An infection control team was implemented within the first week of increased influenza activity. Daily meetings were held to assess the actual data and rate of influenza infections. Contact precautions were introduced, including strict alcoholbased disinfection of hands and the use of surgical masks by hospital staff during close contact with patients with influenza. Patients infected with influenza were isolated, and isolation management was conducted according to the causative strain. Two separate medical wards with a total of 57 beds were declared as isolation areas for patients with influenza. According to national guidelines, a patient was considered to be non-infectious seven days after the onset of symptoms. General administration of antiviral therapy for patients with influenza, and preventive antiviral therapy for non-influenza patients or hospital staff were not recommended.
Second period of infection prevention management: continuous use of surgical masks On 9 th February 2015, hygiene management was expanded to include the continuous use of surgical masks by hospital staff from the beginning to the end of each working shift. Continuous use of surgical masks was particularly directed at staff working in areas with patients with influenza, in diagnostic areas (i.e. radiology, ultrasound), and for staff responsible for the inhouse transportation of patients. Visitors were not restricted, and the use of masks by visitors was optional.
Hygiene management was supervised and controlled by specially trained hygiene staff. The transmission of influenza was classified as nosocomial when infection occurred after two days of hospitalization. 8 
Influenza testing
Nasopharyngeal and throat swabs (UTB-RT kit, Copan, Italy) were taken from symptomatic individuals, particularly when patients arrived at the emergency department. Reverse transcription polymerase chain reaction for influenza A/B was performed with the commercial Xpert Flu test on a GeneXpert platform (Cepheid, Sunnyvale, CA, USA). This assay allows for differentiation between influenza B and A (pandemic 2009 H1N1/seasonal H1N1/H3N2). As results were obtained after 70 min, patients remained in the emergency department until their test results were available.
Statistics
All analyses were performed using Statistical Package for the Social Sciences Version 16.0 (IBM Corp., Armonk, NY, USA). Results were calculated as mean AE standard deviation. Comparisons between means of the groups were performed by analysis of variance and subsequent post-hoc range tests. A two-tailed probability value <0.05 was considered to indicate statistical significance. and the number of influenza-A-positive results (black bars) by date. Influenza activity was highest for the first 10 days, reflected by an influenza positivity rate between 50% and 55% (peak 66%), and this subsequently decreased below 50%.
Results
Timeline of hospitalized patients and results of influenza testing
In total, 235 patients with PCR-confirmed influenza A or B were identified between 25 th January and 14 th March 2015. The timeline for hospitalized patients is given in Figure 1 .
Among all positive samples, the frequency of influenza A was 90% (N¼212); seasonal H1N1/H3N2 influenza (N¼195, 92%) accounted for the majority of cases, and pandemic 2009H1N1 influenza accounted for the rest (N¼17, 8%). Influenza B was detected in 10% of positive samples (N¼23). Infectious pressure was highest for the first 10 days of increased influenza activity, as reflected by a positivity rate of 66% for PCR tests, and this subsequently decreased below 50% (Figure 2 ). During this 10-day period, 67 patients were hospitalized until 14 th March 2015; in total, 156 patients with influenza required hospitalization.
Clinical characteristics of patients with influenza A in the hospital setting (Table I) Most patients with influenza A (N¼212) were aged >65 years (mean age 75 AE 14 years). The most common symptom was a dry cough, present in nearly half of these patients. Over the observation period, the total mortality rate of patients with confirmed influenza was 10%. When patients with influenza A were compared with the PCR-negative group with similar clinical symptoms (N¼87), significant differences were observed in terms of cough frequency and fatigue. The clinical characteristics of patients with influenza A are summarized in Table I . The clinical characteristics of patients with influenza B are not displayed because of the limited number of patients.
Effect of first-and second-step hygiene management
Initially, the hygiene management of patients with influenza was performed in accordance with national guidelines, including isolation of patients in cohorts within an isolation area and use of surgical masks by staff during close contact with infected patients.
However, over the first 10 days of the observation period, 23 of 71 patients (rate 31%) developed clinical symptoms of influenza and tested positive. Most of these patients were outside the isolation area. In the second step, hygiene management was expanded by introducing mandatory continuous use of surgical masks by hospital staff. Compliance with continuous wearing of masks was high and well tolerated by the hospital staff, as reported by supervision protocols of the hygiene staff. After this intervention, the nosocomial rate was nearly halved. Only 24 of 146 patients developed nosocomial influenza until the end of the observation period (16% vs 31% in the first step; P<0.01) (Figure 3) .
Discussion
This study demonstrated that a season with high influenza activity can be characterized by rapid accumulation of cases with suspected influenza in a short period of time, a positive rate for influenza testing >50%, and an increasing hospitalization rate of infected patients. Consequently, influenza has a significant effect on emergency department visits, morbidity rates and mortality rates, particularly in the hospital setting. 10, 12 As influenza is highly contagious and there are limited isolation ward capacities, it is important to discriminate between patients with true influenza and those with influenza-like illnesses or other respiratory infections very early in the emergency department. For this, real-time testing and a clear case definition, including clinical symptoms such as fever !37. 8 C, cough and/or sore throat, may be useful. In this study, a case definition based on clinical symptoms was not effective for the identification of seasonal influenza in the hospital setting. In the internal evaluation of specific clinical symptoms, patients with influenza were compared with a group of PCR-negative patients with respiratory/general clinical symptoms, as shown in Table I . No significant differences in the clinical symptoms of respiratory infections could be found, with the exception of frequency of cough. However, the mild clinical profile demonstrated for the patients with influenza could be attributed to the age of hospitalized patients and the influenza subtype found during the 2014/2015 season. With regard to the age of patients, several studies have investigated the significance of clinical signs in elderly. Falsey et al. postulated that clinical decision rules using the presence of cough and fever may be helpful, particularly when a lower threshold value for fever is considered. 13 Their study investigated a total of 2410 subjects. A receiver operating curve (ROC) analysis examining various temperature thresholds combined with cough found the optimal balance between sensitivity and specificity to be at 37. 3 C for older people. In a systematic review of 12 studies using clinical decision rules for the diagnosis of influenza, Ebell and Afonso reported that fever, cough and acute onset had only modest accuracy in adults with an ROC of 0.79, but summary estimates could not be made due to the heterogeneity of the studies. 14 In addition, clinical symptoms may also be influenced by the influenza subtype. In a population-based study by Carrat et al., influenza A/H3N2 was associated with temperature >38.2 C, myalgia, rhinorrhoea and cough, whereas infections caused by seasonal A/H1N1 were associated with fatigue, lacrimation or conjunctival injection. 15 In a recent study by Petridis et al., 16 no significant differences in symptoms were found between an older study population with influenza A/H3N2 (mean age 62 years) and patients with other respiratory infections. This is in line with the findings of the present study.
However, when a clinical case definition is shown not to be useful due to lack of specificity, a sensitive and specific testing method with a rapid turnaround time should be used to identify patients with influenza. Gene Xpert Flu displayed optimal sensitivity and specificity for the detection of seasonal and pandemic influenza A and B.
17e19 Generally, rapid bedside testing for influenza using antigen assays is also possible and has high specificity. 20 Although these tests are more rapid and less expensive than PCR, sensitivity depends to a greater degree on the quality of the specimen and the viral titre. The latter depends on the duration of illness and the amount of virus being shed, which decreased rapidly three days after the onset of clinical symptoms. 21, 22 Therefore, it is imperative to recognize that a negative antigen test does not exclude influenza. For example, in emergency departments, it is recommended that critically ill patients with a syndrome consistent with influenza and a negative rapid antigen test result should receive a confirmatory reverse transcription PCR. 23 Nosocomial influenza is recognized as an emerging issue with an increasing number of outbreaks. Three reviews have underscored the importance of influenza in the hospital setting. 10, 11, 24 The present prospective data demonstrate an increasing rate of nosocomial influenza, particularly within the first 10 days of influenza activity, with nearly every third new influenza case being nosocomial. In general, such observations could be due to a high rate of patients at risk of influenza, the rate of potentially infected hospital staff, the vaccination rate of patients and staff (not documented in the present study), and compliance with hygiene management. With regard to hospital staff, it has been shown that infected staff members with mild influenza can continue working and therefore contribute to transmission of the virus. 25 In two studies, hospital staff were documented as index patients, indicating that they were likely to acquire the influenza virus in the community. 26, 27 As the overall sickness rate increased among hospital staff during the first days of February (data not shown), continuous use of surgical masks was introduced for medical staff in wards where patients with influenza were nursed and in wards with a high turnover of patients. Thereafter, the number of nosocomial cases of influenza decreased by nearly 50%. However, this decrease appeared in parallel to the decrease in epidemiological pressure and the number of patients at risk, which may also have influenced the nosocomial rate. 24 Therefore, this effect cannot be attributed to the change in hygiene management, but it is recognized that influenza can be transmitted via droplets.
28e30 Patients with influenza wearing medical masks exhaled fewer infectious droplets compared with those not wearing a mask. 31, 32 Consequently, a meta-analysis of interventions to reduce influenza transmission highlighted the potential importance of facemasks, and the modest efficacy of hand hygiene. 33 Although national guidelines recommend that healthcare personnel with clinical respiratory symptoms should not work, there is a period of several hours when an individual is contagious before the development of symptoms during the natural course of infection. Furthermore, a significant rate of PCR-positive healthcare workers can be totally asymptomatic (16.7%), as shown by Esbenshade et al. 25 Therefore, the continuous use of surgical masks for medical staff is an easy, well tolerated, effective and easyto-check hygiene measure in the hospital setting to prevent nosocomial influenza at times of high influenza activity. Further studies are needed to identify and evaluate potential parameters that indicate increased risk for nosocomial infection, and to define the critical point for enhancement of hygiene management.
This study had a few limitations. The activity of the infection control team with daily reporting on the influenza situation led to increased awareness of hospital staff regarding influenza and suspected patients. This may have affected the frequency of testing and staff behaviour in terms of management of patients with infuenza. In addition, it is known that a population becomes more immune during the course of an influenza season due to a boosting effect of cross-reactive antibodies. 34 All these confounders may influence the transmission and the course of influenza in the clinical setting.
Taken together, this prospective observation from the 2014/ 2015 season demonstrates that a case definition for identification of influenza is poor for the detection and exclusion of influenza in the hospital setting. Therefore, rapid testing using highly specific and sensitive PCR methodology improves active case finding in the emergency department, which is an important factor that contributes to the subsequent optimization of hygiene measures. Furthermore, the probable effect of the continuous use of surgical masks by hospital staff to prevent nosocomial infections was underlined, which supported the potential role of staff in the transmission of transmission.
